The use of methamphetamine (MA) among pregnant women is an increasing world-wide health problem. Prenatal MA exposure may cause changes in foetus but the exact effects have remained unclear. The aim of this study is to present the effect of prenatal MA exposure on recognition memory in adult rats. Adult female Wistar rats were injected daily with D-methamphetamine HCl (MA; 5 mg/kg, s.c.) during the entire gestation period. Control females were treated with saline in the same regime. Adult male offspring was administrated acutely by MA (1 mg/kg i.p.) or saline 30 minutes before beginning of an experiment. For testing recognition memory two tasks were chosen: Novel Object Recognition Test (NORT) and Object Location Test (OLT). Our results demonstrate that prenatally MA-exposed animals were worse in NORT independently on an acute administration of MA in adulthood. Prenatally MA-exposed rats did not deteriorate in OLT, but after acute administration of MA in adulthood, there was significant Prague Medical Report / Vol. 116 (2015) No. 1, p. 31-39 worsening compared to appropriate control. Prenatally saline-exposed offspring did not deteriorate in any test even after acute administration of MA. Our data suggest that prenatal MA exposure in rats cause impairment in recognition memory in adult offspring, but not in spatial memory. In addition, acute administration of MA to controls did not deteriorate either recognition or spatial memory.
Introduction
Methamphetamine (MA) is one of the top illicit drug threats worldwide. According to a United Nations Office on Drugs and Crime (UNODC) MA was in 2012 the first or second most used illicit drug in 13 of the 15 Asia Pacific countries surveyed and it's abuse increases more than seven-fold since 2008 (Global SMART Programme, 2013) . Moreover, MA is still the most often used "hard" drug in the Czech Republic (Mravčík et al., 2013) . The fact that the abuse of MA among pregnant women rises worldwide may cause health problems of pregnant women and may result in developmental impairments of their children (Plessinger, 1998) . Even though the exact mechanisms of action of amphetamines are still not fully explained, it had been shown that they can cross both placental and bloodbrain barriers (Bubeníková-Valešová et al., 2009) . Arising evidence suggests that prenatal MA exposure influences a growth of foetus and may lead to a variety of developmental, behavioural, and neurological abnormalities (Kwiatkowski et al., 2014) .
Several studies were conducted using the imaging technologies on mostly school age children, who were prenatally exposed to MA. The results have shown abnormal brain morphology, altered brain metabolism and impaired child executive functioning (Abar et al., 2014) . Roussotte et al. (2012) using the functional connectivity MRI (magnetic resonance imaging) found that the functional connectivity in the striatum of children with prenatal MA and/or alcohol exposure is altered that could explain some of the putative motor deficits. Furthermore, Chang et al. (2004) measured regional brain volumes in 13 children with a history of MA exposure in utero. Smaller putamen, globus pallidus and hippocampus were shown in MRI-based morphometry in those children. In addition, also neurocognitive deficits in attention and memory domains were found.
In rats, MA administration in utero have been shown to induce morphological as well as functional changes in developing pups (Vorhees and Acuff-Smith, 1990; Acuff-Smith et al., 1996) . Also our previous studies demonstrated that prenatal MA exposure induces changes in the mesolimbic dopaminergic system, which results in changes in behaviour that is associated especially with sensorimotor development (Šlamberová et al., 2006; Bubeníková-Valešová et al., 2009) . Furthermore, we demonstrated that prenatally MA-exposed offspring are more sensitive to MA in adulthood (Schutová et al., 2009a . As matter of cognitive functions, our studies showed that prenatal MA exposure alone does not affect cognitive functions and that MA application in adulthood impairs learning in the Morris water maze regardless of prenatal exposure, which did not support the assumption of prenatal sensitization to drugs in adulthood (Schutová et al., 2008 (Schutová et al., , 2009b . On the contrary, studies of others found impairing effects in learning and memory of prenatally MA-exposed adult offspring (Acuff-Smith et al., 1996; Williams et al., 2003; Herring et al., 2008) . As the opinions on the sensitization of prenatal MA exposure vary, the present study focused on two aims. (1) Whether the prenatal MA exposure can influence the recognition memory in adult rats in two cognitive tests and (2) whether the acute injection of MA in adulthood can have more serious impact on recognition memory in the offspring of MA-treated mothers.
Methods
The experiments were approved by the Commission for working with laboratory animals on the Third Faculty of Medicine of Charles University and were conducted in accordance with the Czech Government Requirements under the Policy of Humans Care of Laboratory Animals (No. 246/1992) with subsequent regulations.
Prenatal and postnatal animal care
Adult female and male Wistar rats weighing 250-300 g were delivered by Anlab (Prague, the Czech Republic) from Charles River Laboratories International, Inc. They were housed 4-5 per plastic cage with controlled temperature (20-22 °C) with regular 12 h light/dark cycle. Animals had free access to food and water. One week later the females were smeared by vaginal lavage to define the phase of their oestrous cycle. Then they were housed with sexually mature males overnight (one pair in each cage). Next day the females were smeared for the presence of sperm and this was counted as gestational day 1 (as described in Šlamberová et al., 2005) .
Female Wistar rats were randomly divided to MA-treated and saline-treated groups. On gestational day 1 the injections of MA or saline were administrated subcutaneously (s.c.) and continued daily till the day of delivery (mostly on gestational day 22).
The day of delivery was marked as postnatal day 0, pups were cross-fostered, all mothers received the same number of pups from each program of the treatment. On postnatal day 21 pups were housed by sex and left undisturbed until adulthood.
Drug treatment in adulthood
Prenatally MA-(5 mg/kg MA s.c.) and saline-exposed adult male rats (PD 70-90) were administrated acutely with MA (1 mg/kg i.p.) or saline 30 minutes before beginning of an experiment. This interval was chosen based of previous pharmacokinetic studies (Segal and Kuczenski, 2006; Rambousek et al., 2014) . Thus, we obtained four experimental groups: prenatally saline-exposed male rats with MA (S+MA) or saline (S+S) treatment in adulthood and prenatally MA-exposed male rats with MA (MA+MA) or saline (MA+S) treatment in adulthood. The number of animals in each group was 10-12.
Novel Object Recognition Test
The Novel Object Recognition Test (NORT) measures the exploration of novel versus familiar objects, which is a component of recognition memory and concentration (Ennaceur et al., 1997) . The test consists of three parts: habituation, training and testing.
Habituation: Animals were habituated to the empty square opaque arena (70×70×60 cm) for three days, each day for 20 minutes.
Training: On the fourth day the animal was trained: the rat was placed into the arena for 5 min to explore two identical objects placed in the arena. After 5 min the rat was removed and put back into the cage. The testing box and the objects were then cleaned of potential odours by 70% alcohol.
Testing: In the testing phase, rat was placed to the box, where one of the original object and one new object of similar size, were placed on the same places as during the training. An experienced researcher, blind to pharmacological intervention and to the group of animals measured the time spent exploring of both objects (the familiar and the new one). The following elements of behaviour were considered as the exploration of the subject: sniffing to the object, close circumvention of the object with the sniffing or observation, rearing to the object, with or without sniffing. Calculation of the interest in a new object in the testing phase, which is called the Investigation Ratio (IR) was calculated as the ratio between the time spent by exploration of a new object (T new ) to the total time spent by exploration of both objects (T total ) (IR = T new /T total ).
Object Location Test
The Object Location Test (OLT) works on the same rules as NORT and contains the same three parts (habituation, training, testing), also the calculation is identical (IR = T new /T total ). The difference is that OLT measures the exploration time of two same objects, but one is placed to a novel location. It assesses especially spatial memory and discrimination (Ennaceur et al., 1997) .
Statistical analysis
Investigation Ratio of testing phase was analysed by two-way ANOVA (factors: prenatal exposure × adult treatment) in NORT and OLT separately. Bonferroni posthoc test was used to show the differences between groups.
Differences were considered significant if p<0.05. All statistical data in this report are presented as [F(N-1, n-N) = xx.xx; p<0.0x], where F = test criterion of ANOVA, N-1 = degrees of freedom of groups, n-N = degrees of freedom of individual subjects, p = probability level.
Results

Novel Object Recognition Test
The data from the testing phase of NORT (Figure 1 male rats were significantly worse in NORT than prenatally saline-exposed ones independently on acute administration of MA in adulthood (p<0.05).
NORT did not show any impact of administration of acute MA on male offspring, neither in the offspring of MA mothers nor in the offspring of saline mothers [F(1, 40) = 0.85; p=0.36].
Object Location Test
Unlike in NORT, prenatal MA exposure per se did not induce any changes in OLT [F(1, 40) = 0.02; p=0.89]. However, there was a main effect of acute drug treatment in the OLT [F(1, 40) = 7.37; p<0.01] and an interaction between prenatal drug exposure and acute adult treatment [F(1, 40) = 6.54; p<0.05]. Specifically, our statistical data (Figure 2) showed that acute MA administration induces impairment in memory in prenatally MA-exposed, but not in prenatally saline-exposed adult male rats (p<0.01).
Discussion
We suggest that prenatal MA exposure in rats cause impairment in recognition memory and inability to concentrate themselves on the task adult offspring. The data from NORT showed significant decrease of ability to recognize the new object in adult Wistar rats, which were prenatally influenced by daily injection of MA.
Surprisingly, the same effect was not supported by the test where the location of the object played a role (OLT). It could indicate that prenatal MA exposure deteriorates only recognition memory, but not the spatial memory. This finding could be endorsed by results of the study of Broadbent et al. (2004) which showed that even though both memories, spatial and recognition, are influenced by the hippocampus, recognition memory does not require as much hippocampal tissue as spatial memory. This fact could lead us to the suggestion that prenatal MA exposure may affect also other brain structures than the hippocampus. Similar results are also demonstrated in the study of Barker and Warburton (2011) showing that hippocampus is crucial for object location, but not for novel object preference task. Studies focused on research of recognition memory assume that participation of the hippocampus, the perirhinal cortex and medial prefrontal cortex are necessary for functioning of recognition memory (Warburton and Brown, 2010) . It is possible that MA influences more the perirhinal cortex than the hippocampus. It was proved that MA reduced transporters for serotonin in the perirhinal cortex-prefrontal cortex-hippocampal circuitry and that intact the perirhinal cortex is required for object recognition memory (Reichel et al., 2012) . We can assume from our results that prenatal MA exposure can damage the perirhinal cortex and then it leads to impairment of recognition memory.
Interestingly, the acute administration of MA to prenatally saline-exposed offspring did not significantly deteriorate either recognition memory or spatial memory. Similar findings were discovered in many other studies according to the critical review by Hart et al. (2012) . It seems that acute administration of MA do not impair cognitive functions, but even more it can improve cognitive performance after both intranasal and intravenous doses of MA. The impairing effects of MA on cognitive functions were only found by repetitive administration of larger doses, because it decreases several dopamine markers, including dopamine transporter density (Cadet and Krasnova, 2009) .
In contrary, our results showed deterioration especially of spatial memory in offspring, which were prenatally exposed to MA, after acute administration of MA. This could be explained by drug sensitization, which was also demonstrated in our previous studies (Šlamberová et al., 2012, 2013) . The prenatal exposure to MA influences dopaminergic function in adulthood. MA affects the dopamine levels in the nucleus accumbens. The basal levels of dopamine is in offspring of MA treated mothers higher by about 300% and in case of administration of acute dose of MA dopamine levels elevated by about 1,000%, the difference between MA group and control group was 35% (Bubeníková-Valešová et al., 2009) .
The sensitization to MA in adulthood can also appear as cross-sensitization. According to Wong et al. (2014) methadone used in pregnancy may affect the dopaminergic system and may enhance the possibility of the development of the drug addiction in later life, especially to MA, as was shown in rat model. The other study also found cross-sensitization from buprenorphine to MA in adulthood, again through influence of dopaminergic system and downstream cAMP signalling in the nucleus accumbens .
Conclusion
In conclusion, the present data demonstrate that prenatal MA exposure significantly deteriorates recognition memory and concentration in adulthood, but not the spatial memory. The acute administration of MA to prenatally saline-exposed male rats did not deteriorate cognitive function, while there was a significant worsening after acute administration of MA in offspring prenatally exposed to MA, which could be associated to drug sensitization.
